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Since the swiWa tCle8cOpc f l ight  the Strctcmcope group I n  the V$.,+,ro 
Laboratory bas (:oncentrated on the prepwatiao of &e L-*ALs uGk3L rilight. ;-., of the tue -or aim of this test X 1 R g h t  13 t o  tnflate the b,X. 
sywtem with 5a9000 lba. of helium lift rather than w i t h  14,500 l b s o  
ww d m e  q, tmti l  nQti. The --on for trying t h i ~  iacresaed lift fs the fact 
Wt CM telescope weight baa etd8dily been going up end will further go up 
i n  t b  photograpUe coniigwmtion. In consequence the bsllmt carrid had 
steadily tu be reduced riace the tot& weight has .to be kept c o n s h ~ ~ t .  as long 
al the lift canno% be lncrcrasad. The reduction o f t h e  U a s %  carried ie not 
eerloua if no caaplicatione arise during the whole flight. It does however 
decrease the flexibility of' operallaur, parttcular3.y during the landing phases 
if coarplicatlons sTe encountered, 
creased Aft of 16,000 lbs .  in the premmt Strstoecope Baaloon Sptem should 
leave a 8afety Pactor af more than 2 even in the most critPceP phaeee during 
thh .scent. There camputatlons will be expe~5.aent&Pl.y elieeked during the 
ecaiag teat flight by khe photographic masuremnt of #e bunch b d w n  
cone angle at the crit ical  altitude of 112,800 ft. 

during the landing pheres i n  such a w a y  that the aide m a  of the telescope 
lr txmlling with regard to the wind direct ion a* Eanding, Sueh 
at contact vlth the ground would 6ubstsntiay increase the opportunity of 
0-1 lending to fho telescope. The fns%rmezntetton for this orteata- 
tlon hsr, k e n  dewhped urd successfully tasted in +he 7 qborwhv 
pin*- zi 8 cappus which can be tuned by rd.0  conmend i n  accordance **+\ 
bnce atiPUth of the greMnd wind at landing kiaas, and a fan which tarns che 
bhmco-p? l n  accordance Vith the error signals received frcm the c a n p ~ 8 8 ~  

as 

Detdled computations show that the ia- 

The 6ecoad sipl of the t e s t  flight is t o  orient, the duunrytelcsccrpo 

orimta%iaa 

f " con- 

Pfually w a r  erfortm have bean M e  by the Vitro Laboratory to hohiem 
reductlm in the price for the Strrtoscope B a l l o m  Syetm. 

progreoo b~ bean plcrda in this direction through the whole-hearted cooperr- 
tion or the SchjsldJiL C a a p ~ y ~  
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A8 Lt tmed aut tha only atumbXing block t o  achieving this Ugh 
accVwacy was the lack of a reliable method of masurlng the figure of an 
optical suriace t o  an wcuracy of‘ about ouc hun&edth of a wavelewth in 
the laboratory. When the scatt~r-pbts method WBB final3.y damlo& by 
tha Terkin-Elaer Corporation Into a practical snd reliable method the 
6xp9rt6 in that Cceqprrny for optical polishing were found entlrcly uapable 
t o  pe+xs the errors (precisely qrsantit,ativ&y determined froar the ecatter- 
pb;e rrbotograpb) w i t h  fine efficiency. 

Lese  success^ hsr, k e n  our attempt tomeasure %he figure of t h i s  
primary ndrror at a cold temperature. Earliier tas te  bad sham Wat the 
fW8 did not appear t o  chsnge from room tcrapsratum t o  4 0  centigradee 
Bovever these earlier results are not very accurate since In those tests 
we had not succeeded In obtaining aufficitntly nearly isothenml conditions 
Within the mirror. A l l  subseqmnt attempt8 t o  obtain a more huuogencous 

optical test ebmbez- bave r ‘ S f i 8 d o  We now suspect thak the strong txmpem~ture 
contrast between the w8rm wrul of the test  chamber and the cold coils 
surrounding the mirror VLthin the cbuahr set up unexpectedly vlolent bound- 
ary flows of u cu@.lcated gametry which doe8 not seem t o  be understood by 
tb bydrodynanrrsists vhich we have conettlkd. 
w 8 ~  decldtd t o  tomhate, at leaat for the QIlpaa hbg, the attempfa of 
ppshing accurate optical nuwas~ezacmnts st cold temperaCures because of 
lWht ions  In time and funds. Tbc present lack of accurate optical 
mea5urements at cold te~4~rartures would not eppear too serious 6 u o q  
I n  vLew o f  the homguni%y of the q w t z  blank and the encouraging results 
of t,he earlier, lees accurate, t e W .  

tcrnpe~turu th6 bh& during the Cooliw test8 in tht 

Toward@ the end of 1963 1% 

rrtra, repsfr of Stnrtogcope I1 aftor I t 8  first flight coclt appr0ximihl.y 
$?OO,OOO which I s  sbout 891 of the Mil or-& c#at 0t the instrumnt. 
As was expected, s a w  of the outer relatively inexpensive structure of the 
instrument, euch ld *ha hurtla wheel at the top snd the truss s r o d  #e 
etde arm, needad substautid repairs di rephcawnts. Mom! unexpectedly, 
the “knuck’Le” which confaLn8 the delicate aXi8 system VCLB sufflclantly 
damrtged t o  *quire complete disassembly and rephcement of all %ha flexure 
blruks used in two of %he three precision eutcrs. FimxUy, subat9ntisrl repah? 
work wa,s mquired fcr We electrical wiring of the instrrmment W m 8 a  of 
$Ht;tmnalve dsmsge by ahor% circuits which occurred on the landing innpaCto 
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An impor!:ant further m e  of ilnproiremoat w a s  the stmngthening of all 
&io linLs, pI.LU1iculurly, the telemetry ehmel ,  psrtly by increased trsno- 

aurd higher antannas. Furthemore, 
eh caiaplletmly climinuted the Interfemme 

Imm#Lry c a m f a  which had proved so 



i ~ ~ ~ l i m - ~ s e n i d e  detectors.  !Fbe sensitivity of these detectors drops 
i3brpAy beyond 3 microns; sceordingly ye: could not haye used t h e m  for 
the first flight because then a major a i m  was t o  obtain the spectrum of 
Mars aut t o  7 micronse Harever for t he  scientffic caw of the second 
f l i g h t  the l imi ta t ion  t o  3 microns and below sceqed not a ser ious m e t r i c -  
t i o n  and the ind ium arseplde detectors h v e  the great advantage thst they 
work well down t o  about 0.9 microns while the germanium bolometers proved 
iqeffect ive below about 1-7 microns. The new detectors w i t h  all t h e i r  
auxiliary electronic  equipaent were again produced and operated by Texas 
Inatnnnents . 

A second improvement in the infrared equipenti was a Igodification of 
the magnetic tape recorder so that - in  contra& to tke first f l ight  - it 
could operate securely in t he  embient conditions during the f l t g h t e  

' 'p?ae final improvement in the spectrograph urn {;he introduction of an 
opt ica l  alignuscnt nshchanisa for one of' the mirror8 inside tho spectrograph 
which e d d  be operated by ccpmnmnd from the! ground d c i n g  the flight. 
Sinec the spectrograph contained a fairly large number of op t i ca l  elements 
and since it is v i t a l l y  essential that the Eight, bean coming from the 
entrance slit of the spectrograph eventually ends w e l l  centered on the 
minute detectors  i n  their nitrogen cooled dewar, the constancy of the 
i n t e rna l  spectroiWkPh di-nt 
loss of effective sens i t i v i ty ,  
t o  move by connuand fran the ground during the flight. the: one mirror slowly 
in the cr i t ical  eo-ordinate until max€mum signal was received - thus assuring 
optimum spectrograph d i g n m n t .  

been a persist&n$ worry and a l i k e l y  
Mow with tbe nev device it was possible 

5. Second P l i g h t  of Stratoscope 11 

The t ruck caram carrying the disassembl@d instrument and all auxiliary 
equllplent arr ived at the NWR Scient i f ic  3alloon Flight Cater in Paleetine, 
T e h 8  on August 21, simultaneous with  the entire Psx$in-E&ser group wd moat 
of the Princeton group, keded'by D r .  DmfaPson who planned and directed the 
entire instrument prepaxation operalions as w e l l  as the ground s t a t ion  opera- 
t i ons  during the  flight, in close cooperation w i t h  Mr. Ahn Wlssfnger, the 
Ptrkin-Elmer Project engineer, (M. SchmrzoehLld arrived at; Palast ine one 
month l a t e r . )  
meter from Perkin-Eher arrived a t  Teras Instrumeuts i n  U s ,  Texas  for 
the f i t t i n g  of t b  new detectors  and their electronic  instrumentation i n t o  
the spectrograph and t h e  final testing and ca l ibra t ing  of this  instrument. 
Four weeks later Dr. Woolf brought the spectrograph to Palestine where it was 
incorporated i n t o  the telescope. 
t h e i r  fin&!. preparations of the balloon system and the f l i g h t  operatioas at 

At the 6- d a t e  Dr, Bo Wool% from Princeton and t he  sperctro- 

mly in November the  Vitro group bt- 

P&!6tb@ o 



.The f l igh t  was canee3Uod f o r  18ovember 25, in v i m  of the nekional day 
On EBove&er of mourning foUaving the sssaasi-nation of Presideat Kennedy. 

26 the carefully prepared a;eteorologicsl predictions indicated favorable 
weather conditions and the flight was carried aut. Thus in t h i o  case DO 
postponemtnt f o r  weather z*easons -we encowbred wim8taoever. 

the dsy and the launch, v@ry smoothly, wa6 execu-hd at  4 p.m. 
ws8 on the average sanewhat faster than planned, arcsumably thruugh (L 

coprbinatlon of the new ballasting schedule and a stratospheric temperature 
structure differing from the  normdl. The balloon reached its i n i t i a l  
altitude of @i,cloo ft. at 5:20 (after an average ascent rate of 1,OOO fte 
per minute) and eunset crt the balloon followed e s t  about 5: 50. 
sequence ac tua l  observatians w i t h  the telescope could start at 6:oo pan. 
A l l  through the night t h e  balloon descended slowly reaching an dtieude 
of 70, OQO i t  This descent could no% have' been -&voided by 
ballas+tng during the night. Since the descent rate however was so slow 
that it could not have noticeable disturbing effects on the astronomicall. 2 

observations it was decided not t o  Interrupt the Ob6erMtiOn8 f o r  bsllaetlng 

Launch preparations by the Vitro group proceeded m schedule throughout 
The sscen4i 

In con- 

ia the morning. 

opera t ims  . 
On t he  day preceding the hunch the ground station carevan moved t o  

quarters near the site selected for the g m n d  sta t lor  locat ion dusing 
tbs flight. On the hunch day the ground etestion caravan reached the 
selecC.ed s i te ,  a sl ight  r i se  with a free horizon alPsaround'and w e l l  avay 
from likely e lec tr i ca l  dfsturbnces lnptihe area of Ruston, Louiei%snapat 
92:OO p a . '  By 3r45 the station was fully set up and the first telemetry 
contact with the balloon was W e  at 5:lS p.m. Frau then on the various 
internal electronic systcsms of the telescope were camuurded on, one by one. 
A t  5:30 p.m. a apectraneter soaa on the on-bosrd teat scource was carrie!d out 
and the UnlStChing operation, preparatory to CPctW observations was executed 
at 5:55, five minutes after sunset on t h e  balloon. 
throughmat the night was unusually favorable for the t ime of the yasr, so 
the the balloon s w e d  most of the n i g h t  within a hundred miLeo ot tha . 
ground station and never ceme snywhcre close t o  the limiting range of any I 

of the radio links, men at sunrise the ne& m o r n l , ~ ,  Accordingly, oboema- 
t ions could be carried out throughout the night unti l  5:85 a.m. when the re- 
latbhing operutiars had to be started. 
6:11 and the latching waa ccrnpleted at  6:16 a.m. 
night had been available f o r  as t ronmical  observations, 

The balloon trajectory 

Sunrise on the balloon occurred at 
Thus a hrll twelve hour 



During the t-selve hour. obczrving p e r i d  spcci;rosaler s c m s  were o5tahne-i of 

The time spent  on the various type13 
t@n astronmnicerl obJects : 
Sirius, R Leonia, Rho Fersrji, E4u Geainorm. 
of operations thro-xghout t h e  n ight  can be seen by the f o l l a w i a  tabulation: 

Jupiter, fbon, Aldabamn, 14-a Cephei, BcteXgeuse, Wira, 

Acquisition of objects md sdjarakira of i n s t i m e n t :  250 IBinu%ca, 
Spectrogmph Eiafgmerits: 20 mbnutes, 
Trouble shooting : 50 m i n u t e s ,  
Seaming of on-board source: 30 minuteo, 
Scanning of stellar spectra: 370 minutes. 

Accordingly, even if one sonsidtrs solely the e c m - ? i ~ ~  cf s t s h l ~ -  speztm as "use- 
hl" t h e ,  just over 50$ of the total twelve hcurs were usef'ully employed. 

The eleven member ground s t a t ion  crev, by a c a r e m  dis t r ibu t ion  of duties, 
could j u s t  about manege t o  mir?tain the  necessary energy throughout the very long 
and active night .  Also the deeisicns =de after t h e  first Plight regarding changes 
i n  the items to be handled by automatic inst rument  operations or by human decis ions 
from the  ground seemed t o  work out effectively; specifically it was a great relief 
t o  the ground crew t o  have an au tomt ic  moonguider, not available in the first 
f l i gh t ,  while on thz other hand it was no appreciable trouble t o  the ground s t a t ion  
crew to operate by command t h e  spectrograph alignment which subs tan t ia l ly  incmased 
the effective sens i t iv i ty .  

!C'he e f f e c t  of the judgement of'the scien'cists i n  the ground. stat ion becape 
s tr ik ing ly  evident a8 the night progressed. 
by the telemetry channel, though not quite 60 good as those recorded on magnetic 
tape up at the telescope, c l ea r ly  showed the essenfiial new features  observed, and 
the observing program for the l a t e r  parts of the night  was subatantially affected by 
the findings of the earlier hours. Aa instrument leas  canreannilnble from the ground 
and more p r e = p r o g r W ,  would not have pennitted this flexibility nor t h e  consequent 
increase of s c i e n t i f i c  effectiveness of the flight. 

The spectrometer tracings transraitted 

In the morning after the  instrument had been relatched the control  over the 
balloon waa returned t o  the Vitro group which had cPirefUly tracked the balloon all 
through the night from plene8 and graund vehicles. 
vslving started at 6:30 a .m.  and repeated 8.0: appro@aze intervds  =til 8:10 aomo 
The balloon passed through the tropopatlse sooh tkreafter with a speed of about 
400 ft. per minute, -very close t o  the planned value. 
up its descent to lymrly a 1,oOO tt. per minute which was held in check and eventually 
SIow@d down by appropriate ballsst ing,  
covered by low clouds, the  f i n a l  landing was carried out without visual c o a h c t  i n  
M area of very low population density with i*uL1 control of the  landing speed 
through ballasting comaands and descent speed te1me"cry. The actual impact 
velocity was 500 ft .  per minuti, 20$ less than the planned value. 

To initiate the descent, 

.- 
As expected, it then Specdad 

Since unexpectedly the landing area web6 
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The thixd nev prepzrrsrtioaarea is Vae cabination & the coarse pointing 
8ervo system (which hat3 worked successfu.lly i n  the taK, infr8red Ilighte) 
wlth the interail fine guidance eervo-systsn (uMch has been successrully 
tested by itself in the labarattry, but 'has not flown yet). 
testing of tbe canbird system requires the tuUy wsembled t-elescope 
it is planned that them t e s t s  w i l l  be carried out only after the instrument 

assenbled i n  the Stratoport. 

Since the 

is Shipped w i n  t o  P a L ~ t i n e  ( ccw 6cheOuled for 2 t ~ k ~  17) a d  t h a e  =-* 

Integrating Tel.evi - si on 

To f u l l y  exploit the high potential resolution of Stmtoscops! 11 a 
v e r y  long effective focal length has to be Used; otherwise the resolution 

emulsion (&B wfbl be the case i n  the first photographic flfghts) or an 
image tube (as m y  hope- be enployed In the leter flights) a 
Stratoecope 11 bss been designed with an affect ive  focal Itqgtb of 300 fto 

Indeed, 'shue the highest possible sensitivity of the receiving surfsee f a  
of unwual impartmoa for Stratoecope 11, 
this proJect is vitally interested in the use of image tubes esrploying 
photocathode6 Vhich ham 8 bwic quantun efficiency about 30 t W s  higher 
than the best photographic plates. 

' mer~r be lost in the graininess of the receiverb be t?u& a photagrapbic 

Accordingly, 

which 8i-E it a f a  At10 O f  1 : loo ,  mak- it 831 elm camera 

Eecause of this circumstance 

with this in miml CI Developlpent Contract har, been given t o  Dr, Zvorykin"8 
group at tbe RCA Laboratories in Princeton t o  s%udy the use of an w e -  
orthicon tube ass an integrating receiver In placc of thgl  photographic apulsion. 
This contract ya8 campletod late in 1963 with mwt. encowaging m d t s .  

A c m r c l a l l y  aVaileb1.e irnage-orthicon, though not one of the moot 
standani ones, vas employed for the t e s t c  
as rhally developed for the  eventual aypficartbon in  Stratoacope If9 differs 
hawever greatly f r a u  the etmdard operation. 
exposing,, reading, sad wiping, which In the standard operstion arc effectively 
done continucrusly sirrmltsneausly, are in the new operation entirely 

in t i m e  T h w  cmditioas can be opt5mleed for eraeh of tbL? three 
actions separately. SpscificaUy, during the lntetgmtirrg awposure tima 
which in  the t e a t s  ha6 been stretched t o  as long tu two h m 8 ,  the r d i n g  
betun is canpletely turnad off. 
resdlng beam l e  turned ong it is I.?:ueY& so +U&% to be optimum for the  
w i n e ;  operatiar done, par&iwi.a~-l~ viCI regard t o  the faintest parts  of 
the exposed w e ,  but VlEhout tmy regard to t'ae caapleteneoe to the wiping 
of the image which I s  handled in a cepr-erte action afterwards. 

The aperatiaa of this tube, 

!i%e W e e  basic actions, 

SMlacly,  ~ & m  after the exposure the 




